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Long-term effects of endovascular angioplasty on
orthostatic vasocutaneous autoregulation in
patients with peripheral atherosclerosis
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Objective: To test the hypothesis that endovascular revascularization of femoropopliteal lesions improves the impaired
venoarteriolar response (VAR) in patients with atherosclerosis.
Methods: We prospectively compared VARs in 15 healthy controls (18 legs) and 14 patients (17 legs) with mild to
moderate peripheral arterial disease before and after successful peripheral endovascular angioplasty of femoropopliteal
lesions. In all subjects, foot skin blood flow was assessed by laser Doppler flowmetry in the horizontal (HBF) and sitting
(SBF) positions. VAR was calculated as (HBF  SBF)/HBF  100.
Results: In patients with peripheral arterial disease, mean HBF (in arbitrary units [AU]; mean  SD) was similar before
(25.6  15.3 AU) and after (27.0  16.4 AU) angioplasty (P  .67), whereas SBF was significantly lower after than
before the endovascular procedure (11.6  7.7 AU to 18.4  14.1 AU; P < .05). Intragroup differences between SBF
and HBF were significant before and after angioplasty (P < .001). VAR was higher after angioplasty (55.1%  21.2%)
compared with VAR before intervention (33.4%  20.2%; P  .015). Although VAR increased after the intervention,
VAR was still lower than in healthy controls (68.4%  20.5%; P  .025). During the 6 months of follow-up, the
ankle-brachial index and VAR remained unchanged (P > .05).
Conclusions: Patients with mild to moderate peripheral arterial disease have an impaired orthostatic autoregulation that
improves after successful endovascular revascularization of femoropopliteal obstructive lesions. The effect on VAR is
sustained in the absence of restenosis. ( J Vasc Surg 2006;44:993-7.)The autonomic nervous system regulates postural va-
soregulation, which is mediated through a sympathetic
axon reflex that acts on cutaneous, subcutaneous, and
muscular arterioles.1-4 A postural change from the horizon-
tal to the recumbent or upright position increases venous
pressure and elicits precapillary vasoconstriction, known as
the venoarteriolar response (VAR). The VAR is thought to
play a protective role in vascular homeostasis by preventing
the capillary bed from a sudden increase in pressure and
filtration.5-8
Different conditions such as chronic venous insufficien-
cy,5 diabetic autonomic neuropathy,6 administration of
calcium antagonists,7 and aging8 impair VAR. Severe dys-
function of the VAR occurs in peripheral arterial disease
(PAD) with either stable claudication or critical limb isch-
emia.9,10
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doi:10.1016/j.jvs.2006.06.038Skin blood flow, which is reduced in the feet of healthy
individuals in the sitting position when compared with the
horizontal position, is higher in the dependent position in
patients with obstructive arterial disease than in healthy
controls.11,12 In the presence of PAD, the VAR is attenu-
ated.9,10 Because of an impaired VAR, many PAD patients
with severely limited arterial inflow show skin redness on
dependency, which reflects a higher skin blood flow.10
Although contradictory results have been published about
VAR in patients with stable claudication,1,2,13 a recent
study demonstrated that successful surgical revasculariza-
tion causes short-term improvement of VAR in patients
with subcritical or critical lower limb ischemia.14 Whether
this is also applies for patients with mild to moderate
peripheral atherosclerosis, whether percutaneous endovas-
cular revascularization affects VAR, and whether revascu-
larization has long-term effects on VAR are unknown.
METHODS
Human subjects. This was a cohort study conducted in
a tertiary referral university hospital consisting of two groups.
Fourteen consecutive patients (17 legs investigated) were
included with stable intermittent claudication (Rutherford
stages I to III) caused by superficial femoral or popliteal
artery obstructions who were scheduled for elective endo-
vascular angioplasty and who met the inclusion criteria.
Fifteen healthy subjects (18 legs investigated) without PAD
or venous or lymphatic disease were recruited through
advertisements. The institutional ethics committee ap-
proved the study. The inclusion and exclusion criteria are
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II. Control subjects were recruited to match the patients for
age and sex. The prevalence of risk factors was significantly
different between patients and controls. All subjects were
asked to refrain from caffeine-containing drinks and smok-
ing for at least 12 hours before the investigation. Risk
factors in each group and ankle-brachial pressure indices
(ABIs) are presented in Table II.
All subjects underwent the following examination pro-
tocol. (1) A full medical history was taken, and a physical
examination was performed. (2) Venous color duplex im-
aging was used to detect chronic venous insufficiency as
described previously.15 (3) In patients, angiography was
performed before and after angioplasty. (4) Control duplex
imaging was used to evaluate femoropopliteal patency after
revascularization.16 (5) Laser Doppler fluxmetry was per-
formed to determine skin blood flow in the horizontal
(HBF) and recumbent positions (Laserflo BPM403; Va-
samedics, St Paul, Minn). The probe was secured at the
tip of the big toe by using ring-shaped double-sided
adhesive tape. Measurements of skin blood flow were
made after a 20-minute resting period in a temperature-
Table I. Inclusion and exclusion criteria
Inclusion criteria
No clinical symptoms or signs of peripheral arterial disease
(control)
Ankle-brachial index exceeding 0.9 (control group)
Initial claudication distance 100-300 m (claudication group
before angioplasty)
Successful angioplasty (on angiogram and duplex sonography;
claudication group)
Exclusion criteria
Evidence of sensory neuropathy/diabetes mellitus
Use of vasoactive medications
Chronic venous insufficiency
Previous lumbar sympathectomy
Critical limb ischemia
Gangrene/ulcerations
Table II. Demographic details
Variable
Controls
(n  15)
Claudication
(n  14)
Age (y)* 70 (65-83) 71 (61-84)
Sex ratio (M:F) 10:5 10:4
Risk factors
Smoking† 8 (6) 9 (4)
Hypertension‡ 6 9
High cholesterol 6 8
Ankle-brachial pressure
index* 1.05 (1.02-1.10) 0.71 (0.52-0.85)§
After angioplasty 0.89 (0.72-1.10)
*Values are mean (range).
†Values in parentheses are numbers of active smokers at the time of investi-
gation.
‡Includes subjects on medications with normalized blood measurements at
the time of investigation.
§Claudicants before angioplasty.controlled room (21°C-22°C). The recorded chart wasset at 20 mm/min (Brush 2600S Recorder; Gould,
Cleveland, Ohio).
Measurements of resting skin HBF were averaged over
10 minutes and expressed in arbitrary flow units (AU). The
subjects were then placed in the upright sitting position
with their feet in a stable dependent position. The probe
remained fixed at the tip of the big toe. Sitting blood flow
(SBF) was calculated during the 10 minutes after the initial
10 minutes of sitting to allow for stabilization of the skin
blood flow. The VAR was calculated as (HBF  SBF)/
HBF  100. Laser Doppler fluxmetry enables noninvasive
measurement of cutaneous blood flow and its changes
arising from alteration of posture.10,14 Red blood cell flow
is proportional to the concentration and velocity of red
blood cells flowing in the capillaries. These variables are
influenced significantly by the density of capillaries, known
to vary in the skin, affecting the spatial and temporal
variability of red blood cell flow measurements. By obtain-
ing red blood cell flow from the same position on the foot
during a single examination setting and expressing the
results as ratio flow values, the VAR can be estimated
reproducibly because differences in the temporal and spatial
domains are nullified.14
Statistics. Results are presented as means  SD. Sta-
tistical analyses were performed with StatView 4.57 (Aba-
cus Concepts, Inc, Berkley, Calif ). Data obtained from
different positions were compared by using the Wilcoxon
signed rank test. Intergroup (controls vs PAD) compari-
sons were performed with the Mann-Whitney U test.
Spearman rank correlation was used to analyze a correlation
between ABI and VAR. P .05 was considered significant.
RESULTS
In both patients and healthy controls, the skinHBFwas
significantly higher than SBF. Controls had lower skin blood
flow in both positions compared with PAD patients before
intervention (HBF: 7.0  2.9 AU vs 25.6  15.3 AU, P 
.001; SBF: 2.1  0.8 AU vs 18.4  14.4 AU, P  .001).
Similarly, decreases in skin blood flux on sitting (VAR)
were significantly higher in controls (68.4% 20.5%) than
in PAD patients before angioplasty (33.4%  20.2%; P 
.001).
In the PAD group, percutaneous revascularization did
not affect HBF (27.0 16.4 AU; P .56) but significantly
decreased SBF (11.6  7.7 AU; P  .001). Although
angioplasty resulted in a significant decrease in skin SBF,
the VARwas still lower in the PAD group (55.1% 21.2%)
than in controls (68.4%  20.5%; P  .05; Figs 1 and 2).
During follow-up, the PAD group showed a nonsignif-
icant tendency toward higher levels of both HBF (32.7 
23.7 AU) and SBF (17.8 8.7 AU) after 3 months and at
6 months (HBF, 35.6  19.2 AU; SBF, 17.2  10.9 AU;
P  .05). However, VAR remained unchanged during the
follow-up, at 55.7%  18.2% and 52.6%  18.3% after
3 and 6 months, respectively (P  .56; Fig 3). Similarly,
ABI did not change during the 6 months (0.92  0.21 at
3 months and 0.88  0.18 at 6 months; P  .67; Fig 4).
ABI decreased in five limbs of four patients, but none of
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quired percutaneous intervention. There was no correla-
tion between the changes in VAR and ABI (r  0.18; P
 .46).
DISCUSSION
The peripheral vasoregulatory response to orthostasis is
attenuated in patients with critical leg ischemia.1,4,10,17
However, the data available until now on autonomic func-
tion of patients with moderate PAD have been contradic-
tory.1,2,10,13 A recent study showed improvement of this
response in PAD patients after successful surgical infrain-
guinal bypass grafting within 7 days after surgery.14 We
now report that endovascular reconstruction of femoro-
popliteal lesions in patients with noncritical PAD improves
the VAR and that this beneficial effect is sustained during a
follow-up period of 6 months.
First described by Gaskell and Burton18 and later de-
scribed by Henriksen, Paaske, and associates,1,2,4 the VAR
is due to a local axon reflex on the arterioles in response to
passive venous distension. The result is an increase in periph-
eral resistance and a decrease in blood flow.6,7 This vasocon-
strictive response preserves systemic blood pressure in differ-
ent postures and prevents capillary pressure increases,
interstitial fluid leakage, and edema formation.1,2,4,6,7 La-
ser Doppler flow measurements have been established as a
noninvasive method for the investigation of microcircula-
tory flow in health and disease. As red blood cell flow at the
same position in the supine and sitting positions is mea-
sured, temporal and spatial variability are nullified. This
method allows reproducible testing of vascular microcircu-
latory function and dysfunction.5,9,10,19
This study demonstrates that patients with noncritical
PAD with stable intermittent claudication due to femoro-
popliteal obstructions have a significantly greater flux in the
dependent position than healthy age- and sex-matched
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Fig 1. Effect of angioplasty on skin blood flow and vasocutane-
ous autoregulation. Skin blood flow in supine (Flux supine) and
sitting (Flux sitting) position and the decrease in flux on sitting
(venoarteriolar response; VAR) in patients with stable intermittent
claudication. Measurements were obtained before and after suc-
cessful percutaneous angioplasty of femoro-popliteal obstructions.
*P  .05 before versus after angioplasty.subjects. This indicates that vasocutaneous autoregulationis already impaired at an early stage of peripheral vascular
disease because of either local neurologic damage and/or
physiological resetting of arterioles, possibly to optimize
perfusion in the ischemic leg.
A previous short-term study demonstrated that auto-
regulation returns to normal within 7 days after infraingui-
nal bypass surgery performed for noncritical limb isch-
emia.14 Because nerve tissue repair requires much longer
(up to several months), it seems likely that the mechanisms
involved require a physiological resetting rather than nerve
regeneration. In this study, there was no further improve-
ment of autoregulation between the first and sixth months
after successful revascularization. This supports previous
findings that local vasoregulation is pressure and/or flow
sensitive to maintain local tissue perfusion.14
The results of our study have possible clinical implica-
tions. The measurements of skin blood flow by laser Dopp-
ler fluxmetry before or after an intervention or during
follow-up may provide additional information about the
degree of improvement of vascular autoregulation in pa-
tients with noncritical limb ischemia. The findings of this
study may also help us to understand the acute and chronic
pathophysiological mechanisms involved in cutaneous va-
soregulation. Our study, for the first time, to our knowl-
edge, shows a long-term beneficial effect of percutaneous
transluminal interventions on peripheral vasoregulation of
the lower limb. Additionally, VAR may reflect the func-
tional reserve capacity, which has been proposed as one
mechanism through which intermittent pneumatic com-
pression may improve peripheral arterial macrocirculation
and microcirculation in healthy controls and patients with
PAD.20-22 Indeed, intermittent pneumatic compression
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Fig 2. Vasocutaneous autoregulation in controls and in patients
with peripheral arterial disease. Decrease in skin blood flow on
sitting (venoarteriolar response; VAR) in healthy controls com-
pared to patients with stable intermittent claudication before and
after femoro-popliteal angioplasty. *P .05 versus controls; †P
.05 before versus after angioplasty.(of the lower limb) improved peripheral blood flow up to
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higher increases in healthy controls and patients after suc-
cessful infrainguinal bypass grafting.20-22 When compres-
sion in the dependent position empties the venous pooling,
the venoarteriolar reflex is attenuated,23 and local skin
perfusion increases via dilation of the precapillary sphincter.
Given the findings of this study, the combination of femo-
ropopliteal angioplasty and intermittent pneumatic com-
pression may have synergistic effects, which merits further
experimental and clinical studies.
This study is limited by the small number of patients
investigated and the fact that only patients with mild to
moderate PAD were included. However, VAR assessment
requires additional instruments and examination time, and
at present there is no indication to routinely perform VAR
measurement in addition to ABI measurements. The study
also did not include patients with diabetes, venous hyper-
tension, or critical limb ischemia so that we examined a
rather homogenous group to exclude confounding factors
that may impair VAR.5,10,13 Therefore, these findings are
likely to reflect a pathophysiological mechanism in patients
with only peripheral atherosclerosis.
In conclusion, patients with mild to moderate peripheral
atherosclerotic disease already exhibit impaired orthostatic
local autoregulation at a stage of noncritical limb ischemia.
Percutaneous angioplasty of femoropopliteal obstructions im-
proves peripheral vasoregulation, possibly through a flow-
and/or pressure-related mechanism. The observation that
the improvement in VAR is sustained 6 months after treat-
ment also suggests a possible long-lasting positive effect of
angioplasty on orthostatic autoregulation in the absence of
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Fig 3. Long term effect of angioplasty on vasocutaneous autoreg-
ulation in patients with peripheral arterial disease. Decrease in skin
blood flow on sitting (venoarteriolar response; VAR) in patients
with stable intermittent claudication before and six months after
femoro-popliteal angioplasty. *P  .05 for follow-up after angio-
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